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(57) ABSTRACT

A light emitting device including a light emitting structure
having a first conductive semiconductor layer, an active layer
disposed under the active layer and a second conductive semi-
conductor layer disposed under the active layer; a trench
formed in a portion of the light emitting structure; a current
barrier layer in the trench and configured to hinder current
supply to the active layer at a portion where the trench is
located and to block the active layer over the trench from
emitting light; and a first electrode on the first conductive
semiconductor layer above the portion where the trench is
located.

22 Claims, 6 Drawing Sheets
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1
LIGHT EMITTING DEVICE

CROSS-REFERENCE TO A RELATED
APPLICATIONS

The present application claims the benefit under 35 U.S.C.
§119 of Korean Patent Application No. 10-2009-0016021,
filed on Feb. 25, 2009, which is hereby incorporated by ref-
erence in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a light emitting device.

2. Discussion of the Background

Light Emitting Devices include P-N junction diodes that
convert electrical energy into light energy. The diodes are
formed by combining group III and V elements on the peri-
odic table. Light Emitting Devices can also emit various
colors by controlling the composition ratio of compound
semiconductors.

In more detail, when a forward voltage is applied, an elec-
tron of an n-layer is combined with a hole of a p-layer to emit
energy corresponding to an energy gap between the conduc-
tion band and the valance band. The energy is then emitted as
light.

In addition, nitride semiconductors, for example, are being
considered for the fields of optical devices and high-power
electronic devices, because of their high thermal stability and
wide band gap energy. In particular, blue LEDs, green LEDs
and UV LEDs that use nitride semiconductors are available.
Further, the light emitting devices may be categorized into a
horizontal type and a vertical type.

Also, an N-type electrode and a P-type electrode are dis-
posed over/under related-art vertical light emitting devices,
respectively. In this instance, electrons and holes injected by
the N-type electrode and the P-type electrode, respectively,
are entered into an active layer, and are combined with each
other to generate light. The generated light is then emitted to
the outside or is reflected by the N-type electrode and lost.

Thus, related-art light emitting devices have a limitation in
that the light emitting efficiency is reduced, because light
emitted under the N-type electrode is reflected by the N-type
electrode. Also, related-art light emitting devices have a limi-
tation in that excessive heat is generated due to the re-absorp-
tion of the light reflected by the N-type electrode. Moreover,
related-art light emitting devices have a limitation in a dete-
rioration of life span and reliability because of current crowd-
ing.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to
address the above-noted and other problems.

Another object of the present invention is to provide a light
emitting device capable of enhancing light extraction effi-
ciency as well as a current spreading efficiency.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, the present invention provides in
one aspect a light emitting device including a light emitting
structure having a first conductive semiconductor layer, an
active layer disposed under the active layer, and a second
conductive semiconductor layer disposed under the active
layer; a trench in a portion of the light emitting structure; a
current barrier layer in the trench and configured to hinder
current supply to the active layer at a portion where the trench
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2

is located and to block the active layer over the trench from
emitting light; and a first electrode on the first conductive
semiconductor layer above the portion where the trench is
located.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by illustration only,
since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in
the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings, which are given by illustration only,
and thus are not limitative of the present invention, and
wherein:

FIG. 1is a cross-sectional view illustrating a light emitting
device according to an embodiment of the present invention;
and

FIGS. 2 to 8 are cross-sectional views illustrating a method
of manufacturing a light emitting device according to an
embodiment of the present invention;

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to the embodiments
of'the present disclosure, examples of which are illustrated in
the accompanying drawings.

FIG. 1is a cross-sectional view illustrating a light emitting
device according to an embodiment of the present invention.
As shown, the light emitting device includes a first conductive
semiconductor layer 110, an active layer 120, a second con-
ductive semiconductor layer 130, a current barrier layer 140,
areflective layer 150, a substrate 160 and a first electrode 170.

In addition, the current barrier layer 140 is formed in a
trench T that is made by removing a portion of the light
emitting structure. A second electrode may also be disposed
on the second conductive semiconductor layer 130. Further,
the current barrier layer 140 may include at least one of a
dielectric layer, a diffusion layer and an ion implantation
layer.

The light emitting device according to an embodiment of
the present invention increases light extraction efficiency by
efficiently controlling the current flow, and enhances the reli-
ability of the device using current spreading. In particular, the
light emitting device according to an embodiment of the
present invention increases a light extraction efficiency by
forming a current barrier layer, a trench and a roughness area
at a position corresponding to the first electrode, and thus
increases the light output power.

Hereinafter, a method of manufacturing a light emitting
device according to an embodiment of the present invention
will be described with reference to FIGS. 2 to 8.

The light emitting device may be formed of a material such
as GaN, GaAs, GaAsp and GaP. For example, a green-blue
LED may be formed of GaN (InGaN) and yellow to red LEDs
may be formed of InGaAlP and AlGaAs. Full colors may then
be implemented according to the material composition.

First, as shown in FIG. 2, a first substrate 100 is prepared.
The first substrate 100 may be, for example, a sapphire
(Al,O;) substrate and a SiC substrate. A wet-washing process
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may also be performed on the first substrate 100 to remove
impurities on the surface thereof.

Then, the first conductive semiconductor layer 110 is
formed on the first substrate 100. For example, the first con-
ductive semiconductor layer 110 may be formed by forming
an N-type GaN layer through a Chemical Vapor Deposition
(CVD) process, a Molecular Beam Epitaxy (MBE) process, a
sputtering process or a Hydride Vapor Phase Epitaxy (HVPE)
process. The first conductive semiconductor layer 110 may
also be formed by implanting a trimethyl gallium gas
(TMGa), an ammonium gas (NH,), a nitrogen gas (N,) and a
silane gas (SiH,) including an N-type impurity such as silicon
(Si) into a chamber.

In one embodiment, an undoped semiconductor layer may
be formed on the first substrate 100, and then the first con-
ductive semiconductor layer 110 may be formed on the
undoped semiconductor layer. For example, an undoped GaN
layer may be formed on the first substrate 100, and then an
N-type GaN layer 110 may be formed on the undoped GaN
layer.

Then, the active layer 120 is formed on the first conductive
semiconductor layer 110. The active layer 120 is a layer
emitting light and has energy determined by an intrinsic
energy band of an active layer (light emitting layer) material
when electrons injected from the first conductive semicon-
ductor layer 110 meet holes injected from the second conduc-
tive semiconductor layer 130. The active layer 120 may also
have a quantum well structure that is formed by alternate or
successive lamination of nitride semiconductor thin layers
having different energy bands. For example, the active layer
120 may have a multi-quantum well structure of InGaN/GaN
formed by implanting a trimethyl gallium gas (TMGa), an
ammonium gas (NH;), a nitrogen gas (N,) and a Trimethyl
indium gas (TMlIn), etc.

The second conductive semiconductor layer 130 is then
formed on the active layer 120. For example, the second
conductive semiconductor layer 130 may include a P-type
GaN layer formed by implanting a trimethyl gallium gas
(TMGa), an ammonium gas (NH;), a nitrogen gas (N,) and
bis-ethylcyclopentadienyl magnesium (EtCp,Mg) {Mg
(C,HsCsH,),} including a P-type impurity such as magne-
sium (Mg) into a chamber.

As shown in FIG. 3, a firsttrench T1 is formed by removing
a portion of the second conductive semiconductor layer 130,
the active layer 120 and the first conductive semiconductor
layer 110. For example, an etching process may be performed
on a spatially opposite position to the first electrode 170 until
a portion of the first conductive semiconductor layer 110 is
exposed. The etching process for forming the first trench T1
may also be performed through a dry or wet etching process.

Further, the first trench T1 is formed at a position that
spatially overlaps the first electrode 170. The first trench T1
may also be formed by etching the second conductive semi-
conductor layer 130, the active layer 120 and the first con-
ductive semiconductor layer 110 to expose a portion of the
first conductive semiconductor layer 110.

In a light emitting device according to the embodiment of
the present invention, light is not generated at a region where
the first trench T1 is formed because a portion of the active
layer 120 is removed. Accordingly, light absorption by the
first electrode 170 that is located over the first trench T1 can
be minimized. Also, the current concentration under the first
electrode 170 can be prevented and instead causes current
spreading, thereby improving the reliability of the light emit-
ting device.

FIGS. 4 and 5 illustrate different shapes for the trench. For
example, as illustrated in FIG. 4, a second trench T2 having a
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certain inclination is formed through an etching process on
the light emitting device. Further, the width of the top of the
second trench T2 is smaller than the width of the bottom of the
second trench T2 due to an etching process considering the
crystal orientation of the light emitting device. Accordingly,
light emitted by a subsequently formed light emitting layer
may be efficiently reflected to the outside.

As illustrated in FI1G. 5, a third trench T3 is formed through
an etching process on the light emitting device. For example,
only a portion of the second conductive semiconductor layer
130 may be etched, and then the current barrier layer 140 is
formed on the third trench T3. Also, because the current
barrier layer 140 hinders smooth current supply to a region
where the third trench T3 is formed, the active layer 120 over
the trench T3 does not emit light. Accordingly, the light
absorption by the first electrode 170 over the third trench T3
can be minimized.

Hereinafter, the first trench T1 as described in FIG. 3 will
bedescribed as an example, but as shown in FIGS. 5 and 6, the
trench can have various shapes. As illustrated FIG. 6, arough-
ness R is formed on the first conductive semiconductor layer
110 exposed by the first trench T1. For example, a first mask
pattern 210 is formed to expose the first conductive semicon-
ductor layer 110 at the bottom of the first trench T1. The
roughness R may also be formed by a wet etching solution
such as KOH and NaOH. The first mask pattern 210 may also
be formed of a photo-sensitive layer or an insulating layer
such as a nitride or an oxide.

Also, the first mask pattern 210 may have a mesh pattern
selectively exposing a region where the roughness R is
formed. For example, when the first mask pattern 210 has the
mesh pattern, the roughness R may be formed through a dry
etching process. When a region where the roughness R that is
formed is exposed, the roughness R may be formed through a
wet etching process.

The roughness R may also have a periodic pattern, or a
non-periodic pattern. In addition, the light extraction effi-
ciency and light output power is increased by the roughness
R. As illustrated in FIG. 7, after the first mask pattern 210 is
removed, the current barrier layer 140 is formed in the first
trench T1. In addition, the current barrier layer 140 may
include at least one of a dielectric layer and an amorphous
layer.

For example, the current barrier layer 140 may be formed
of a nitride such as SiN or an oxide such as SiO, through a
vapor deposition process. An amorphous layer having high
electrical resistance may also be formed by implanting pro-
tons having high kinetic energy into the first trench T1 to
break the single crystal state of the interface of the first trench
T1.

In one embodiment of the present invention, the current
barrier layer 140 may be formed on a portion of the second
conductive semiconductor layer 130, as well as on the side
surface and the bottom of the first trench T1. Accordingly, the
current barrier layer 140 may be firmly maintained. Also,
when the third trench T3 as illustrated in FIG. 5 is formed by
etching a portion of the second conductive semiconductor
layer 130, the current barrier layer 140 may include at least
one of a dielectric layer, an amorphous layer, a diffusion layer,
and an ion implantation layer.

Further, the current barrier layer 140 cuts off current supply
by a dielectric layer using an oxide and a nitride or an amor-
phous layer using protons. Alternatively, the current supply
may be cut off current by forming a first conductive diffusion
layer or a first conductive ion implantation layer to block
implantation of electrons or holes. For example, when the
second conductive semiconductor layer 130 is formed of
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P-type GaN, the current supply may be cut off by diffusing or
implanting N-type ions to form an N-type diffusion layer or
an N-type ion implantation layer.

Also inFIG. 8, asecond electrode (not shown) is formed on
the second conductive semiconductor layer 130 and the cur-
rent barrier layer 140. The second electrode may include an
ohmic layer, the reflecting layer 150, an adhesive layer and
the second substrate 160. The second electrode may also be
formed of at least one of a semiconductor substrate implanted
with Ti, Cr, Ni, Al, Pt, Au, W, and impurities.

For example, the second electrode may include an ohmic
layer, and may be formed by multi-stacking a single metal, a
metal alloy and a metal oxide. For example, the ohmic layer
may include at least one of ITO, IZO (In—7n0), GZO (Ga—
7Zn0), AZO (Al—7n0), AGZ0 (Al—Ga Zn0), IGZO (In—
Ga Zn0), IrOx, RuOx, RuOx/ITO, Ni/IrOx/Au and Ni/IrOx/
Au/ITO, but is not limited to these materials.

The second electrode may also include the reflection layer
150 or an adhesive layer. Further, when the second electrode
includes the reflection layer 150, the reflection layer 150 may
be formed of a metal layer including Al, Ag or an alloy
including Al or Ag. Al or Ag also effectively reflects light
generated from an active layer to enhance light extraction
efficiency of the light emitting device.

When the second electrode includes an adhesive layer, the
reflection layer 150 also serves as the adhesive layer, or an
adhesive layer may be formed using Ni and Au. In addition,
FIG. 8 shows that the reflection 150 fills only a portion of the
first trench T1. However, the embodiments of the present
invention are not limited to this structure. For example, the
reflection 150 may fill the entirety of the first trench T.

In addition, the second substrate 160 is formed on the
reflection layer 150. The second substrate 160 may include a
highly electrical conductive metal, a metal alloy or a conduc-
tive semiconductor material to efficiently implanting holes.
For example, the second substrate 160 may be formed of at
least one of Cu, a Cu alloy, Si, Mo and SiGe. The second
substrate 160 may also be formed through an electro-chemi-
cal metal vapor deposition method or a bonding method using
a eutectic metal.

Then, the first substrate 100 is removed. For example, the
first substrate 100 may be removed using a high-power laser
lift-off or a chemical etching method. Also, the first substrate
100 may be removed through a physical polishing process.
The first electrode 170 is then formed on the first conductive
semiconductor layer 110 exposed by the removal of the first
substrate 100. The first electrode 170 may also be formed on
the first conductive semiconductor layer 110 to spatially over-
lap a portion of the first trench T1.

In one embodiment, because the active layer 120 does not
exist in the first trench T1 vertically under the first electrode
170, the light generation by combination of carriers (electrons
and holes) does not occur. Also, the trench, which is an etched
region, may be covered with the current barrier layer 140, and
thus a current does not flow in the trench and is diffused to
other regions. That is, the trench region is covered with the
current barrier layer 140 to perform a role of a current block-
ing layer. Therefore, efficient current flow contributes to a
reliability of the light emitting device. Also, the light absorp-
tion by the first electrode 170 can be minimized to increase
the quantity of light.

Further, the roughness formed after an etching of the first
conductive semiconductor layer 110 improves the light
extraction efficiency by light scattering. Also, the current
spreading efficiency as well as light extraction efficiency is
simultaneously enhanced.
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In addition, the trench may have various shapes such as a
well-shaped trench, oval-shaped, prism-shaped, cylinder
shape, square shape, rectangular shape circular shape and any
other shape.

In addition, in the description of embodiments, when a
layer (or film) is referred to as being ‘on/over’ another layer or
substrate, it can be directly on/over another layer or substrate,
or intervening layers may also be present. Further, when a
layer is referred to as being ‘under/below’ another layer, it can
be directly under/below another layer, and one or more inter-
vening layers may also be present. In addition, when a layer is
referred to as being ‘between’ two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present.

Also, a reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to affect
such feature, structure, or characteristic in connection with
other ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A light emitting device, comprising:

a light emitting structure including a first conductive semi-
conductor layer, an active layer disposed under the first
conductive semiconductor layer, and a second conduc-
tive semiconductor layer disposed under the active
layer;

a trench in the light emitting structure;

a current barrier layer in the trench;

a first electrode on an upper side of the light emitting
structure; and

a second electrode on a bottom side of the light emitting
structure,

wherein the second electrode comprises a protruding por-
tion extending into the light emitting structure and the
protruding portion is in the trench,

wherein a substantially central portion of the protruding
portion spatially overlaps with a substantially central
portion of the first electrode,

wherein a length of the first electrode is shorter than that of
atop surface of the protruding portion in a cross section,
and

wherein the second electrode further comprises:

a substrate; and

areflection layer disposed between the current barrier layer
and the substrate, the reflection layer being formed in a
structure partially filling the trench, and a portion of the
substrate being formed in a structure filling a remainder
of the trench.
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2. The light emitting device according to claim 1, wherein
the trench is formed in a portion of the second conductive
semiconductor layer.

3. The light emitting device according to claim 1, wherein
the trench is formed in a portion of the second conductive
semiconductor layer and the active layer.

4. The light emitting device according to claim 1, wherein
the trench is formed in a portion of the second conductive
semiconductor layer, the active layer and the first conductive
semiconductor layer.

5. The light emitting device according to claim 1, wherein
the trench exposes a portion of the first conductive semicon-
ductor layer and the protruding portion of the second elec-
trode penetrates into the second conductive semiconductor
layer and the active layer, and extends into a portion of the first
conductive semiconductor layer.

6. The light emitting device according to claim 1, wherein
the light emitting structure comprises a first roughness on a
portion of the light emitting structure exposed by the trench,
and a second roughness on a top surface of the reflection layer.

7. The light emitting device according to claim 6, wherein
the current barrier layer is on the first roughness and a side
surface of the trench and the protruding portion of the second
electrode comprises a second roughness on a top surface of
the protruding portion.

8. The light emitting device according to claim 1, wherein
the current barrier layer comprises an amorphous layer.

9. The light emitting device according to claim 1, wherein
the current barrier layer includes a diffusion layer.

10. The light emitting device according to claim 9, wherein
the diffusion layer is conducted in a first conductive type.

11. The light emitting device according to claim 1, wherein
the first electrode and the current barrier layer partially over-
lap each other spatially and vertically.
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12. The light emitting device according to claim 1, wherein
the active layer is removed at a region where the first electrode
and the current barrier layer partially overlap each other spa-
tially and vertically such that light is not emitted at the region.

13. The light emitting device according to claim 1, wherein
side surfaces of the trench are tilted at a predetermined angle.

14. The light emitting device according to claim 13,
wherein a width of a lower side of the trench is greater than a
width of an upper side of the trench.

15. The light emitting device according to claim 1, wherein
the second electrode further comprises at least one of an
ohmic layer and an adhesive layer.

16. The light emitting device according to claim 15,
wherein the ohmic layer comprises at least one of a single
metal, a metal alloy and a metal oxide.

17. The light emitting device according to claim 15,
wherein the reflection layer comprises at least one of Al, Ag
and an alloy including Al or Ag, and

wherein the reflection layer directly contacts the second

conductive semiconductor layer.

18. The light emitting device according to claim 15,
wherein the substrate comprises at least one of Cu, a Cu alloy,
Si, Mo and SiGe.

19. The light emitting device according to claim 1, wherein
the current barrier layer contacts the active layer.

20. The light emitting device according to claim 1, wherein
a lateral width of the current barrier layer is smaller than a
lateral width of the second electrode.

21. The light emitting device according to claim 1, wherein
the first electrode overlaps with a top surface of the current
barrier layer.

22. The light emitting device according to claim 1, wherein
the first electrode overlaps with a top surface of the reflection
layer.



